ABSTRACT: An mRNA expression study has been performed in 20-to 25-min postmortem-obtained samples from Longissimus dorsi muscle of 59 Duroc × Landrace/ Large White (LD/LW) pigs to search for gene sequences related to meat quality (pH 24 , pH 45 , "Lab" color coordinates, curing yield, and exudation at 3 different times) or meat composition [intramuscular fat, content of several fatty acids (C16:0, C18:0, C18:1, and C18:2), ratio of saturated, monounsaturated, and polyunsaturated fatty acids, and protein and humidity contents] traits to find targets for selection. Gene ontology analysis, biological pathway, and gene network studies all show that many more differentially expressed genes (506 vs. 279) are related to meat quality (Group P or perimortem characters) than to meat composition traits (Group L or whole life traits). The difference between the number of gene ontology terms annotated, biological pathways, and gene networks in groups P and L is notable due to the differences in the complexity of the "generation process" of P-traits and involvement of other tissues or organs in the generation of variability of L-traits. Also, interactions between differentially expressed genes were found in extracellular matrix (ECM)-receptor interaction, tumor growth factor (TGF)-beta signaling pathway, fatty acid elongation in mitochondria, and adipocytokine signaling pathway, indicating that a substantial fraction of the gene networks could be associated with interactions between differentially expressed genes related to traits under study. A large number of the most overexpressed genes are related to muscle development and functionality and repair mechanisms; they could be good candidates for breeding programs in which the main goal is to enhance meat quality.
INTRODUCTION
Meat quality and composition are the result of a complex contribution of genetic and environmental factors (Sosnicki and Newman, 2010) . During last decades, huge efforts have been devoted to select animals with a particular meat composition and carcass conformation by using backfat thickness as the criteria of selection. However, selection to improve quality has been mainly restricted to avoiding particular mutations with strong phenotypic effects, such as the Ryanodine receptor 1(RYR1; Fujii et al, 1991) and Rendement Napole (RN) mutations, (Milan et al, 2000; Ciobanu et al, 2001 ) related to PSE and acid meats.
The final composition of meat is a consequence of cumulative environmental effects on individuals (e.g., feeding, management) and the influence of its genetic background interacting during the entire growth process. Thus, substantial changes in composition cannot be achieved only due to environmental effects in the final moments of life. However, meat quality is highly dependent on the environment in these very final moments. For example, the appearance of PSE or DFD pork meat is highly dependent on the antemortem feeding and management of pigs (Guardia et al., 2005) , and on meat management immediately postmortem (Park et al., 2007) , and has an important genetic determinism as well.
The mRNA microarray technique is a promising tool to assist the search for new selection targets (Xu et al., 2008) . However, it provides just a single picture of which genes are being transcribed at the particular moment where the biological tissue sample has been sampled. In this sense, it seems logical to expect that it will provide only scarce information to improve traits, such as compositional ones, that are overwhelmingly dependent on the lifelong history of the individual. On the other hand, it can reveal overexpressed sequences, which could point to genes or metabolic pathways related to phenotypic traits strongly dependent on the final circumstances (antemortem and postmortem) of life.
As a consequence, we performed a postmortem gene expression study from pig LM with the final goal to gain insight in the relationships of the overexpressed sequences with several quality and compositional traits of meat to allow further studies to implement this knowledge of specific genes in breeding programs.
MATERIAL AND METHODS

Animal Material
A total of 75 animals from a Landrace/Large White (LD/LW) × Duroc cross were raised together in an experimental farm following standard industrial practice. Sixty piglets were selected randomly after the postweaning period. During the feeding period, they were fed ad libitum (barley 43.57%, wheat 30%, sunflower 5%, soya flour 6.91, rape flour 8%, fat 3.33%, calcium carbonate 1.16%, sepiolite 1%, lysine 0.54%, NaCl 0.45%, threonine 0.03%, and methionine-OH 0.01%). One piglet died during this time and was excluded from further studies.
Pig Management
Piglets were left with their mothers up to an approximate BW of 8 to 10 kg. The postweaning period lasted up to 20 to 25 kg. Then the animals were transported to a feeding station where they were kept until slaughter. One day before slaughter, pigs were brought to the slaughterhouse. They were stunned by CO 2 , followed by exsanguination. Average BW at slaughter was 90.7 kg (SD = 4.9 kg).
Phenotypic Recording
Measurements of 33 composition, conformation, and meat quality traits, except curing yield, were recorded in the left LM (Table 1) .
Meat Quality Variables. "Lab" color coordinates were measured with a Minolta Chromameter CR-200B (Osaka, Japan) equipped with a D65 illuminant. Loins were cut at approximately L3 level and 6 measurements covering most of the loin area were immediately performed. Triplicate measurements of pH 45 and pH 24 were recorded at approximately L2 level, using a PC300 Oakton Instrument equipped with a penetration Hamilton electrode (Bonaduz, Switzerland). Eight loin slices from about L2-T12 were cut for water holding capacity (4) and cooking loss (4) determinations, which were performed as described by Honikel (1998) .
Fat Content and Fatty Acid Analysis. Adipose tissuefree LM samples were homogenized with a household mincer. About 40 g of chilled LM (taken at T14 level, the middle of LM) were ground with a household mincer for 10 to 15 s to apparent homogeneity. Lipids from 5-g samples were extracted by the method of Bligh and Dyer (1959) as modified by Hanson and Olley (1963) , and dried under N 2 flow. Fat content was calculated gravimetrically. Analyses were performed in triplicate. Fatty acids extracted as above were methylated as described in Boe (2004) to yield the methyl esters. These were then analyzed by GLC in a Hewlett-Packard Model 5890 gas chromatograph (Palo Alto, CA) equipped with a DB-225 capillary column, 30m × 0.25 mm i.d., film thickness 0.15 µm (J&W Scientific, Agilent, Palo Alto, CA), as described by Burgos et al (2010) .
Protein and Moisture Content Determination. Protein and moisture content were determined using standard AOAC (1990) procedures.
Loin Curing. Right loins were cured with 3% salt at SADISA (Teruel, Spain) for 75 d following standard procedures.
Meat quality (Group P or perimortem characters) and meat composition trait (Group L or whole life traits) groups were used to perform gene ontology (GO) analysis, biological pathways, and gene networks, which are explained below.
RNA Extraction and Quantification
The isolation of RNA was carried out using 80 mg of LM collected at T13-T14 level in the abattoir 20 to 25 min postmortem, submerged immediately in RNA Stabilization Reagent (QIAGEN, Hamburg, Germany), and stored at -80°C, until RNA isolation. Total RNA was extracted from a portion of 20 mg of muscle with the RNeasy Protect Mini kit (QIAGEN), following manufacturer instructions. The integrity of RNA was evaluated by measurement of RNA integrity number (RIN), using a Bioanalyzer 2100 from Agilent and also by calculating the relationship between 28S and 18S RNA bands after electrophoresis on agarose gels. All samples were better than usual standards for good quality RNA (RIN = 9-10; 28S/18S >1.2). RNA quantity extracted was analyzed with a NanoDrop ND-1000 Spectrophotometer (Thermo Fischer Scientific, Wilmington, DE).
Expression Data and Normalization
Expression patterns were assessed using GeneChip Porcine Genome Arrays (Affymetrix, Santa Clara, CA), containing 23,937 probe sets that interrogate ~23,256 transcripts from 20,201 Sus scrofa genes by the Unidad Científico-Técnica de Apoyo of the Vall d´Hebron Hospital (Barcelona, Spain). Quality control of expression data was performed using "Affy" and "Sympleaffy" packages from the Bioconductor project , including comparison of the background signal, intensity scaling factor, percentage of genes called, and 3'/5' intensity ratio of control probes in all arrays as described in Cánovas et al. (2010a) . All arrays were considered of good quality and therefore were used for further analysis.
Microarray data normalization was assessed through the gcRMA algorithm (Wu et al., 2004) , correcting the intensity of each probe by 3 steps: background correction (estimating and eliminating an error component of the intensities), quantile normalization (every slide is normalized to have the same cumulative frequency distribution), and summarization (calculating the median value per probe set, taking into account the slide differences). The normalization was performed using Babelomics software version 4.2 (Medina et al., 2010) , which is available online at http://babelomics. bioinfo.cipf.es/data.html. Microarray data analyzed in the present study have been deposited in the Gene Expression Omnibus (GEO) public repository with GSE32179 GEO accession number.
Statistical Analysis of Expression Data
Expression data analyses were carried out with GEAMM software (Gene Expression Analysis with Mixed Models). The model of analysis was:
y Xa Zs cb e = + + + where y is a matrix of p probes and q arrays, a is the vector of the q array effects, s is the matrix of sex effects (2 × p), c is the vector of a phenotypic variable, b is the vector of slopes of the covariate between this phenotypic variable and the expression data, and e is the matrix of residuals (p × q). Moreover, Z and X are the incidence matrices. The model assumed heterogeneity of residuals between probes. The aim of this analysis is to estimate the posterior distribution of the covariate for each variable with gene expression of every probe. The analysis was implemented under Bayesian inference and solved Gibbs sampling (Casellas et al., 2007) . For each analysis, we used a single long chain of 750,000 iterations, after discarding the first 250,000.
Gene Ontology Analyses
Gene Ontology describes the basic term hierarchies and relationships between terms within the context of biology. The 3 GO categories (molecular function, biological process, and cellular component) were explored with several bioinformatics tools. Gene ontology term enrichment analyses for overrepresentation of specific GO terms were performed with Babelomics software (see above for references). Significance levels were calculated following a modification of Fisher's exact test. Multiple testing-corrected P-values were also calculated by using the Benjamini and Hochberg algorithm (Benjamini and Yekutieli, 2001) , and only GO terms with Benjaminicorrected P-values < 0.05 were considered.
Biological Pathways and Gene Networks
Systems biology analyses were performed with Database for Annotation, Visualization, and Integrated Discovery bioinformatics package (http://david.abcc. ncifcrf.gov). This bioinformatics package was used to explore the biological pathways enriched in the resulting differential expressed gene list, computing a total overrepresentation value for each pathway represented in the Kyoto Encyclopaedia of Genes and Genomes (www.genome.jp/kegg). It also takes into account fold enrichment values, calculating a ratio between the percentage of genes that are overexpressed in each biological pathway and the number of genes of this pathway in the whole genome.
FunCoup (Networks of Functional Coupling) software was also used to explore the global networks (http://funcoup.sbc.su.se). FunCoup annotates network edges adopting a naïve Bayesian network framework that takes into account different kinds of interactions, such as physical interactions, members of the same complex, and metabolic and signaling links (Alexeyenko and Sonnhammer, 2009 ).
Quantitative Real-time PCR
A principal component analysis was performed to summarize global phenotypic variability in our population. We calculated a correlation matrix principal component using Statistix software (Analytical Software, 2008) . A subset of seven measured traits (pH 24 , "Lab" color coordinates, and exudation at three different times) were considered as the most relevant descriptors of total population variability related to meat quality. Pigs from the extremes of the ranking for the first principal component were selected to create the 2 subsets of the 15 most extreme animals from each group.
Quantitative real-time PCR (qPCR) was used to validate relevant genes differentially expressed between the two groups of animals with extreme values for meat quality traits. Five hundred nanograms of mRNA samples were retrotranscribed with random hexamers and SuperScript III retrotranscriptase (Invitrogen, Carlsbad, CA), following manufacturer instructions. Primers were designed with the Primer Express software (Applied Biosystems, Foster City, CA), using pig sequences obtained by Ensembl (Table 2 ). Putative exon location was based on pig gene structure information obtained from Ensembl (http://www. ensembl.org/Sus_scrofa). The amplification reaction was performed in triplicate, using the Fast SYBR Green Master Mix (Applied Biosystems) and StepOne Real Time PCR System device (Applied Biosystems). All reactions were performed in a total volume of 10 µL with 2 µL of 10-fold diluted cDNA as template and 300 nM of forward and reverse primers. Amplification of the cDNA was achieved following manufacturer conditions: initial activation and denaturation step of 10 min at 95°C, followed by 45 cycles consisting of 5 s at 95°C and 30 s at 60°C. A dissociation curve protocol was run after every reaction to identify the presence of spurious PCR bands or high levels of primer dimers to control the specificity of the amplified product. The comparative Ct method was used to quantify gene expression and the normalization of the expression data was performed taking into account the relative quantity from the 2 housekeeping genes (HPRT and RPL32) or a normalization factor calculated as the geometric mean of both quantities. For each gene, expression values between groups were compared with the Student's t-test and differences were considered significant at P < 0.05.
RESULTS AND DISCUSSION
mRNA Differential Expression
Significant associations with meat quality and composition were found for 2,570 expressed probes after correction for multiple continuous variables at a Benjamini-corrected P-values < 0.01 and restricting false discovery rate (FDR) to 0.05 (see Supplemental File 1, http://journalofanimalscience.org). Significance levels ranged from 6.59 × 10 -11 to 1.0 × 10 -2 . From the list of 2,570 probes, 329 were not annotated (12.80%), whereas 149 and 59 probes were assigned to LOC and open reading frame (ORF) sequences, respectively (5.79% and 2.30%, respectively). A total of 2,033 probes, the remaining 79.11%, were assigned to genes (see Supplemental File 1, http:// journalofanimalscience.org). Related to perimortem circumstance characters (Group P; pH 24 , pH 45 , "Lab" color coordinates, curing yield, and exudation at three different times), 789 probes corresponding to 506 single genes were found differentially expressed, whereas 878 probes corresponding to 279 single genes were found differentially expressed in characters basically determined during the whole life of the individual (Group L), such as intramuscular fat, content of several fatty acids (C16:0, C18:0, C18:1, and C18:2), ratio of saturated, monounsaturated, and polyunsaturated fatty acids, and protein and humidity contents.
Gene Ontology Analysis of Differentially Expressed Genes
Gene ontology term annotations were used to perform a functional categorization of the resulting list of genes corresponding to Group P and Group L. The 3 main GO categories (molecular function, biological process, and cellular component) were analyzed to fully describe the GO spectrum. The output of the resulting GO annotation was clearly different between Group P and Group L, as reflected by comparing Figures 1A with 1B for molecular function, and 2A with 2B for biological process. The molecular function GO category showed 27 significant GO terms in Group P of genes. Among them, growth factor binding and activity, fibronectin binding, and extracellular matrix binding were some of the significant GO terms related to the perimortem traits under study ( Figure 1A ). In contrast, in the resulting list of differentially expressed genes corresponding to Group L, only 12 GO terms were found in the molecular function category ( Figure 1B) , with a relevant presence of terms related to fat deposition, such as lipoprotein binding and low-density lipoprotein binding. Regarding the biological process category, a variety of developmental and morphological processes related to muscle development and functionality (e.g., response to oxygen concentrations, response to extracellular and mechanical stimulus, response to unfolded protein, response to cyclic AMP (cAMP), and mitochondrial membrane organization) belong to the list of most significantly enriched GO terms of differentially expressed genes in Group P (91 GO terms; P < 0.05). Other biological processes, such as muscle tissue development, membrane organization, regulation of cell death, and regulation of apoptosis, appeared in the middle of the list ( Figure 2A ). As happened in the molecular function category, many more (91 vs. 39) significant GO terms in the biological process category were found in Group P compared with Group L of traits ( Figure 2B ). Among them, we found that regulation of cell morphogenesis, striated muscle tissue development, and glucose metabolic process are very related muscular cell properties and associated quality traits. The cellular component GO classification (data not shown) indicated that most genes encoded extracellular components in both groups of differentially expressed genes. Also, fibrillar collagen and collagen type-1 GO terms appeared Putative exon location is based on pig gene structure information.
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in the list of differentially expressed genes corresponded to Group P. The difference between the number of GO terms annotated (in 3 main GO categories) in groups L and P is notable. It probably derives, at least partially, from the differences in complexity and variety of the studied traits, whereas fat (and protein) synthesis is complex, but relatively unique pathways and quality-related traits are under the influence of several different pathways (e.g., color is influenced by pigment synthesis pathways, by postmortem functioning pathways, by structural components affected also by postmortem conditions, by postmortem related proteolytic or oxidative processes), which potentially increases the number of genes involved. In addition, pig fat metabolism in the muscle is highly dependent on other organs, tissues, or processes (Cánovas et al., 2009) , such as the adipose tissue, fat absorption process in the duodenum, and, especially, liver metabolism (Cánovas et al., 2010a,b) . This means the origin of variability in fat-related traits is not located in the muscle and therefore is not detectable by mRNA expression studies there. 
Metabolic Pathways Affected by Differentially Expressed Genes
Complementary to gene ontology study, we have also performed metabolic pathway and gene networks analyses with the same list of genes. To extract biological information and metabolic differences between both groups of traits (Group P and Group L), we performed pathway analyses taking into account 2 lists of differentially expressed genes (789 probes corresponding to 506 single genes were used to perform metabolic pathways in Group P, whereas 878 probes corresponding to 279 single differentially expressed genes were used in Group L). Pathways involved in focal adhesion and insulin signaling were among the most significant in the list of differentially expressed genes corresponding to Group P (Table 3 ; P < 0.01). The focal adhesion pathway was enriched by several genes directly involved in muscle development and myocyte differentiation, such as Thrombospondin-4 (THBS4) epidermal growth factor (EGF), and several collagen and integrin family genes. In addition, the insulin signaling pathway, associated with glucose metabolism, was also enriched by several genes directly involved in the glycolysis process, such as the FBP2 gene (Table 3) . Also, the transforming growth factor (TGF)-beta signaling pathway and extracellular matrix (ECM)-receptor interaction appeared in the middle of 19 resulting significant pathways. In this context, only 6 significant pathways were found in the list of differentially expressed genes corresponding to Group L compared with significant 19 metabolic pathways in the list of Group P and also according to GO results (Table 4) . The ECM-receptor interaction and TGF-beta signaling pathway, which are involved in muscular development and regulation of the switch of myocyte/ adipocyte differentiation, respectively, were among the most relevant metabolic pathways represented in the list of differentially expressed genes (Group L). Additionally, these pathways were also enriched by several genes related to muscle/adipose development and cellular adhesion, prolificacy, and migration-like TGFB2 and THBS4 genes, respectively (Table 4) . Hypertrophic cardiomyopathy and the biosynthesis of unsaturated fatty acids pathway were also present in the table.
It is noteworthy that 7 out of 19 pathway categories of group P correspond directly to different cancer processes and 3 to 4 have a close relationship to these very same illnesses [mitogen-activated protein kinase (MAPK), TGF-beta, apoptosis, and mammalian target of rapamycin (mTOR)], compared with no such category related to L-group traits. Mitogen-activated protein kinase belongs to a family of extracellular signalregulated kinases and regulates many cellular processes, including proliferation, migration, differentiation, and apoptosis (Casas-Terradellas et al., 2008; Hirosawa et al., 2009) . Also, P38 MAPK has been reported to participate in lipid metabolism through calcium signaling by affecting the expression of the vitamin D receptor (Sun et al., 2011) . Furthermore, MAPK is directly involved in cancer by affecting most of the pathways involved in cancer progression (Dhillon et al., 2007) .
Transforming growth factor beta is also involved in many cellular physiological processes, including proliferation, differentiation, migration, and adhesion, and is frequently upregulated in tumor cells, regulating cancer initiation, progression, and metastasis (Bierie and Moses, 2006) .
Mammalian target of rapamycin is part of the target of rapamycin complex 1 (mTORC1) and mTORC2 complexes, with kinase activity. Most cancer-promoting lesions activate the mTORC1 pathway, which regulates cell growth by modulating processes, such as protein synthesis, ribosome biogenesis, and autophagy. Mammalian target of rapamycin C2 participates in the Akt pathway and is also involved in regulation of the cytoskeleton, although it has been less studied than mTORC1 (Sabatini, 2006) .
As it happens in GO analysis, many more metabolic pathways have overexpressed genes related to P-traits than L-traits. Here again, the complexity of the "generation process" of P-traits and involvement of other tissues or organs in the generation of variability of L-traits could, at least partially, explain the difference in the number of pathways with overexpressed genes in both groups of traits.
Gene Networks Affected by Selected Differentially Expressed Genes
A global network was obtained, taking into account physical interactions, members of the same complex, and metabolic and signaling links (see Supplemental File 2, http://journalofanimalscience.org). Gene network analyses were performed, using a resulting list of differentially expressed genes selected to be validated by qPCR (COL1A2, CSRP3, EGF, FBP2, HSPA1A, PDK4, PPP3CA, TGFB2, THBS4, and TTN) . Many of the differentially expressed genes selected are related to intracellular repair mechanisms. Several of them belong to the heat shock protein group, which are well known for their role as molecular chaperones involved in protein-folding processes in de novo protein synthesis, protein renaturalization, or transport across membranes (Craig et al., 1994) . The HSPH1 (heat shock 105kDa/110kDa protein 1) and HSPA1A (heat shock 70kDa protein 1A, Hsp70) genes belong to this category. They are the main components of a folding complex able to reactivate denatured proteins (Glover and Lindquist, 1998) . The fact that their mRNA are coexpressed (48%) is most probably related to this fact. Also, HSPH1 and HSPA1A interact with the THBS4 (thrombospondin 4) gene related to cellular adhesion, prolificacy, and migration (77% of protein interaction). The overexpression of BAG-3, an allosteric effector of Hsp70 ATPase activity, belongs to this category (Hohfeld, 1998) . Other genes, such as the F-box protein 32 (a ubiquitin ligase) and OTU1-domain containing protein 1 (a deubiquitinase and ubiquitin specific peptidase), are components of the ubiquitination system, which has the biological function of marking abnormal or denatured proteins for degradation (Finley, 2009) . The abundance of these proteins in a highly stressed organ analyzed here, muscle deprived from blood flow for about 25 min, seems the expected reaction to cope with the consequences (irreversible protein denaturation) of stress. Several overexpressed genes code for proteins involved in muscular (mostly cardiac) hypertrophy or muscle repair. Their overexpression in a stressed muscle deprived from blood supply can also be understood as a repair mechanism. This is the case of the PPP3CA gene (protein phosphatase 3) or regulator of calcineurin (He et al, 2010) , LIM, and cysteine-rich domain (Bian et al, 2010) involved in cardiac hypertrophia, as is the case of CSRP3 (cysteine-and glycine-rich proteins/ cardiac LIM protein; Geier et al, 2008) , which also regulates myogenesis. Gene Network results show that PPP3CA is connected by protein interaction with PPP3CB (protein phosphatase 3, catalytic subunit, beta isozyme) and RCAN1 (regulator of calcineurin 1) genes (80% and 73%, respectively), also differentially expressed in the resulting list of genes. In addition, the CSRP3 gene was a paralog and connected by protein interaction with CSRP1 (cysteine-and glycinerich protein 1) and CRIP2 (cysteine-rich protein 2), genes involved in regulatory processes important for development and cellular differentiation. The LIM/ double zinc-finger motif found in these gene products is associated with critical functions in gene regulation, cell growth, and somatic differentiation (Weiskirchen and Günther, 2003) . Also, the CSRP3 gene showed protein interaction (43%) with PDLIM5 (PDZ and LIM domain 5), a gene functionally associated with cardiac hypertrophy activating calcineurin levels (see Supplemental File 2, http://journalofanimalscience. org), as well as mRNA coexpressed (39%) with TTN (titin) gene. In this context, other overexpressed sequences codify for structural proteins, some of the extracellular compartment as COL1A2 (collagen type I, alpha 2), some intracellular, such as TTN (titin), and several components of myosin, including THBS4 (which participates in cell adhesion, proliferation, or migration, and appears connected to HSPH1 and HSPA1A) or ANK (ankyrin, which anchors proteins to the cellular membrane; cellular membrane is an organelle very sensitive to stress). Thus, COL1A2 was mRNA coexpressed with DCN (decorin), FN1 (fibronectin 1), and LUM (lumican) genes differentially expressed in the resulting list of genes, which are components of connective tissue, bind to type I collagen fibrils, and play a role in matrix assembly (see Supplemental File 2, http://journalofanimalscience.org). In this sense, LUM was a paralog with FMOD (fibromodulin), which was connected by protein interaction (69%) with TGFB2 (related to muscle/adipose development). Also, TTN protein and mRNA was coexpressed with PDLIM5 gene functionally associated with cardiac hypertrophy activating calcineurin concentrations.
A third group of overexpressed sequences code for proteins involved in energy metabolism. The overexpression of pyruvate dehydrogenase kinase isoenzyme 4 (PDK4) has been already described when the energy levels of the cells fail, which is the situation of a muscle cell deprived of oxygen (Wu et al, 2000) . Supplemental File 2 (http://journalofanimalscience.org) shows that FBP2 is mRNA coexpressed with aldolase B, fructose-bisphosphate (ALDOB), which catalyzes the reversible conversion of fructose-1,6-bisphosphate to glyceraldehyde 3-phosphate and dihydroxyacetone phosphate. Also, FBP2 is mRNA coexpressed with solute carrier family 35, member F5 (SLC35F5) and solute carrier family 25 (carnitine/acylcarnitine translocase), member 20 (SLC25A20) that mediate the transport of acylcarnitines into mitochondrial matrix for their oxidation by the mitochondrial fatty acid-oxidation pathway. Mutations in these genes can cause a variety of pathological conditions, such as hypoglycemia, cardiac arrest, hepatomegaly, hepatic dysfunction, and muscle weakness (Iacobazzi et al., 2004) . In addition, PDK4 is connected by protein interaction (44%) with pyruvate dehydrogenase (lipoamide) alpha 1 (PDHA1) gene that provides the primary link between glycolysis and the tricarboxylic acid cycle (McFate et al., 2008) .
The fourth group of overexpressed sequences corresponds to growth factors, such as THBS4. Thrombospondin 4 gene also belongs to this category because it is a tumor suppressor. In addition, BAG-3, the stimulator of Hsp70 ATPase activity, also binds to EGF, which interacts at the protein level and its mRNA is coexpressed with PDLIM5. The latter is functionally associated with cardiac hypertrophy activating calcineurin concentrations. Among them, we also detect an important presence of pathways associated to developmental and morphological processes related to muscle development and functionality. Interactions between differentially expressed genes selected to be validated by qPCR were found in ECM-receptor interaction, TGF-beta signaling pathway, fatty acid elongation in mitochondria, and adipocytokine signaling pathway (see Supplemental File 3, http://journalofanimalscience.org). This indicates that a substantial fraction of the gene networks could be associated with interactions between differential expressed genes related to traits under study.
Validation of Microarray Results by Real-time PCR
To summarize global phenotypic variability in our population, we performed a principal component analysis. The first principal component explains 64.6% of the variation. Moreover, the correlations with the first principal component were 0.83, -0.76, -0.53, -0.71, -0.86, -0.92, and -0.92 , with pH 24 , L, a, b, Exudation 2, Exudation 4, and Exudation 6, respectively.
To verify the differentially expressed genes detected by the microarray analysis, a subset of 10 genes were selected to be validated by qPCR in a conjoint of the15 most extreme animals from each group. The information relative to the GO, biological pathways, and gene networks analysis was used to select 10 genes with a relevant function in muscle physiology and meat quality traits. The selection was also based on literature and database searches for each individual gene from the differentially expressed gene list.
As shown in Table 5 , qPCR results were in agreement with the microarray data, showing a high level of positive correlation (ranging from 0.286 to 0.989) between qPCR and microarray data (see Supplemental File 4, http://journalofanimalscience.org). Overall, the qPCR results confirm differential expression for 7 out of 10 genes tested (P < 0.05). In particular, significant differences among groups (P < 0.05) were found for EGF, HSPA1A, and PPP3CA genes, with the 2 endogen genes and normalization factor. The results with HPRT gene as normalization factor also revealed significant differences for CRSP3, FBP2, and TTN. When the RPL32 gene was used, results were significant for TGFB2 and, finally, the analysis with the geometric mean of both housekeeping genes indicates significant differences for FBP2 and TGFB2 genes.
Conclusions
Our study shows that more sequences can be significantly related to quality than compositional traits, and reveals the abundance of overexpressed sequences involved in repair mechanisms that could influence meat quality and could, therefore, be used as targets in selection processes/plans. 
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